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Exercise 1 

A flat circular coil of negligible thickness has 𝑵 circular turns of radius 𝑹 traversed by a current of 

intensity 𝑰. (Figure opposite). Using the law of Biot and Savart:   

 

1- Determine the magnetic field 𝑩 created at the center of the coil. 
 

 
 

Exercise 2  

We consider a cylindrical conductor of radius 𝑹  and infinite length 𝒍 traversed by a current of 

intensity 𝑰𝟎. The current density 𝑱 is constant across the entire section of the cylinder and parallel 

to the axis Oz. Using Ampère's theorem: 

 

1- Determine the magnetic field 𝑩 outside the cylinder (𝑟 ≥ 𝑅). 

2- Determine the magnetic field 𝑩 inside the cylinder (𝑟 <  𝑅). 

3- Draw the curve 𝑩(𝒓). 

 
 

Exercise 3    (Do in the course) 

We consider a wire of infinite length and negligible diameter, traversed by an electric current of 

intensity 𝑰 (Figure below). Using the law of Biot and Savart: 

 

1- Determine the magnetic field 𝑩⃗⃗  created by this wire at a point 𝑴 located on the 𝑶𝒙 axis. 
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Exo- 1 

1) Magnetic field created at the center of the coil 

 

By applying the Right-Hand Thumb Rule 

(Maxwell's Corkscrew Rule), the magnetic field is 

carried along the axis of the circle and its direction 

depends on the direction of the current. 

         
 

By applying the law of Biot and Savart:  

𝑑𝐵⃗⃗⃗⃗  ⃗ =
µ0𝐼

4𝜋 𝑟3
 𝑑𝑙⃗⃗  ⃗ ∧ 𝑟  

⇒ 𝑑𝐵 =
µ0𝐼

4𝜋 𝑟3
 ‖𝑑𝑙⃗⃗  ⃗ ∧ 𝑟 ‖ =

µ0𝐼

4𝜋 𝑟3
 𝑟 𝑑𝑙 sin

𝜋

2
;  

𝑎𝑛𝑑:   𝑟 = 𝑅 

⇒ 𝑑𝐵 =
µ0𝐼

4𝜋 𝑅2
  𝑑𝑙     ⇒ 𝐵 =

µ0𝐼

4𝜋 𝑅2
 𝑙 

 

After integration over the length of the coil: 𝑙 =
𝑁2𝜋𝑅   

⇒ 𝑩 =
µ𝟎 𝑵 𝑰

𝟐 𝑹
  

  

Exo- 2 

1) Magnetic field outside the cylinder (𝒓 ≥ 𝑹) : 

 

By applying Ampère's theorem: the circulation of 

the magnetic field in the closed trajectory (𝐶) is:  

𝐶 =  ∮ 𝐵⃗ . 𝑑𝑙⃗⃗  ⃗ = µ0 𝐼0 

⇒  𝐵𝑙 = µ0 𝐼0        ;  𝑙 =  2𝜋 𝑟 

⇒  𝐵2𝜋 𝑟 = µ0 𝐼0 

⇒ 𝑩𝟏 =
µ𝟎 𝑰𝟎

𝟐𝝅 𝒓
 

 

2) Magnetic field inside the cylinder (𝒓 <  𝑹) : 

 

As for the interior of the cylinder (r < R), the 

current passing through the section 𝑺 is 𝑰. The 

current density 𝑱 is constant across the entire 

section of the cylinder, i.e: 

𝐽 =
𝐼0
𝑆0

=
𝐼

𝑆
 

𝑆0 = 𝜋 𝑅2;   𝑆 = 𝜋 𝑟2 ⇒ 𝑰 = 𝑰𝟎  
𝒓𝟐

𝑹𝟐
 

 The circulation is therefore equal to: 

𝐶 =  ∮ 𝐵⃗ . 𝑑𝑙⃗⃗  ⃗ = µ0𝐼    ⇒  𝐵𝑙 = µ0 𝐼        

⇒  𝑩𝟐 =
µ𝟎 𝑰𝟎

𝟐𝝅 𝑹𝟐
𝒓 

 

 
3) The curve 𝑩(𝒓). 
 

 
 Exo-3 

 

The magnetic field 𝐵⃗ (𝑀) created by the wire at a 

point ′′𝑀′′ in space, distant ′′𝒂′′ from the wire, is 

defined in the cylindrical frame (𝑢𝜌⃗⃗⃗⃗ , 𝑢𝜃⃗⃗ ⃗⃗ , 𝑘⃗ ) by: 

𝐵⃗ (𝑀) = 𝐵𝜌 𝑢𝜌⃗⃗⃗⃗ + 𝐵𝜃  𝑢𝜃⃗⃗ ⃗⃗ + 𝐵𝑧 𝑘⃗  

    
According to the corkscrew rule and the direction of 

the current 𝑰, the magnetic field created by the wire at 

point M is tangential to the circle of radius a, this 

means that: 

𝐵𝜌 = 𝐵𝑧 = 0     

⇒ 𝐵⃗ (𝑀) = 𝐵𝜃 𝑢𝜃⃗⃗ ⃗⃗  
According to the law of Biot and Savart: 

𝑑𝐵⃗⃗⃗⃗  ⃗ =
µ0𝐼

4𝜋 𝑟3
 𝑑𝑙⃗⃗  ⃗ ∧ 𝑟  
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According to the diagram:{
𝑟 = 𝑃𝑀

𝑟 =  
𝑃𝑀⃗⃗⃗⃗ ⃗⃗ 

𝑃𝑀

 

We then write:  

𝑑𝐵⃗⃗⃗⃗  ⃗ =
µ0𝐼

4𝜋 𝑃𝑀3
 𝑑𝑙⃗⃗  ⃗ ∧ 𝑃𝑀⃗⃗⃗⃗ ⃗⃗  

According to the diagram: 𝑃𝑀⃗⃗⃗⃗ ⃗⃗ = 𝑃𝑂⃗⃗⃗⃗  ⃗ + 𝑂𝑀⃗⃗ ⃗⃗ ⃗⃗    

⇒ {
𝑃𝑀⃗⃗⃗⃗ ⃗⃗ =  −𝑙 𝑘⃗ + 𝑎 𝑢𝜌⃗⃗⃗⃗  

𝑑𝑙⃗⃗  ⃗ =  𝑑𝑙 𝑘⃗                   
 

Let's calculate the vector product: 

𝑑𝑙⃗⃗  ⃗ ∧ 𝑃𝑀⃗⃗⃗⃗ ⃗⃗ = |
𝑢𝜌⃗⃗⃗⃗ −𝑢𝜃⃗⃗ ⃗⃗ 𝑘⃗ 

0 0 𝑑𝑙
𝑎 0 −𝑙

| = 𝑎 𝑑𝑙 𝑢𝜃⃗⃗ ⃗⃗  

𝑑𝐵⃗⃗⃗⃗  ⃗ =
µ0𝐼

4𝜋 𝑟3
 𝑎 𝑑𝑙 𝑢𝜃⃗⃗ ⃗⃗  

𝒅𝑩 =
µ𝟎𝑰

𝟒𝝅 𝒓𝟑
 𝒂 𝒅𝒍 …… (∗) 

As long as “𝑙” is infinite, the angle 𝛼 is between 

[−
𝝅

𝟐
 ,

𝝅

𝟐
 ], we therefore change the variable from 

𝑑𝑙 to 𝑑𝛼. 

According to the diagram: 

  {
cos 𝛼 =   

𝑎

𝑟
 

tan 𝛼 =  
𝑙

𝑎
  
⇒ {

𝑟 =
𝑎

cos𝛼
                                  

𝑙 = 𝑎 tan 𝛼 ⇒ 𝑑𝑙 =  
𝑎

𝑐𝑜𝑠2 𝛼
 𝑑𝛼

 

After replacing 𝑟 and 𝑑𝑙 in 𝑒𝑞 (∗) :  

⇒ 𝑑𝐵 =
µ0𝐼

4𝜋 𝑎
cos 𝛼 𝑑𝛼 

⇒ 𝐵 =
µ0𝐼

4𝜋 𝑎
∫ cos 𝛼 𝑑𝛼

𝜋/2

−𝜋/2

 

𝑩⃗⃗ (𝑴) =
µ𝟎𝑰

𝟐𝝅 𝒂
𝒖𝜽⃗⃗ ⃗⃗   

 

(2) 


